Using an import assay in aitro derived from sunflower cotyledon cells and location intermediates on the peroxisome import pathway and are using cross-linking to identify interacting partners. We have also used antibodies raised against human PEXl4 to inhibit the import of matrix proteins in this system. To obtain homologous antibodies for inhibition experiments, to immunoprecipitate cross-linked products and to enable us to study the import pathways of peroxins we have cloned and characterized plant orthologues of three PEX genes, PEX6, PEXlO and PEX14.
Using an import assay in aitro derived from sunflower cotyledon cells and location intermediates on the peroxisome import pathway and are using cross-linking to identify interacting partners. We have also used antibodies raised against human PEXl4 to inhibit the import of matrix proteins in this system. To obtain homologous antibodies for inhibition experiments, to immunoprecipitate cross-linked products and to enable us to study the import pathways of peroxins we have cloned and characterized plant orthologues of three PEX genes, PEX6, PEXlO and PEX14.
functions depending on the tissue, the developmental stage or environmental conditions [l] . Peroxisomes are found in virtually all eukaryotes. They have a single membrane and lack DNA, so all their protein constituents are encoded by the nuclear genome and the proteins are imported from the cytoplasm. Different peroxisome types can interconvert by the synthesis and import of new enzyme activities. Some functions, such as the p-oxidation of fatty acids and the metabolism of reactive oxygen species, are common to all peroxisome types. Other functions are specialized, such as photorespiration, which occurs in leaftype peroxisomes of C, plants, and the metabolism of alkanes and methanol, which is restricted to peroxisomes of some fungi. Plants and fungi can utilize two-carbon compounds for gluconeogenesis; they are able to do so because of the glyoxylate cycle found in specialized peroxisomes called glyoxysomes. Trypanosomes contain a peroxisome-like organelle, the glycosome, that contains most of the enzymes of glycolysis. In mammals, peroxisomes have essential roles in the biosynthesis of ether-linked lipids and in the degradation of very-long-chain dicarboxylic and substituted fatty acids that are exported to the mitochondria for the final stages of degradation [2] . More than 80 different peroxisomal enzymes are known and more are still being discovered. T h e importance of peroxisomes is emphasized by the devastating nature of a group of genetic diseases, the peroxisome biogenesis disorders or PBDs, which are now known to be due to mutations in a group of genes, called PEX genes, that encode peroxins, proteins required to make the peroxisome [3] .
Peroxisome-targeting signals (PTSs) and peroxins
Two types of peroxisomal matrix targeting signal have been characterized. T h e first is a C-terminal tripeptide (PTSl), the prototype for which is SerLys-Leu (SKL) [4] . This signal seems to be quite degenerate in that a number of substitutions are compatible with function. However, the function of a particular sequence is dependent on both species and context. T h e second matrix-targeting signal (PTS2) is an N-terminal nonapeptide with the consensus sequence (R/K)(L/N/I/Q)X, (Q/H)(L/A) [ is unclear how many types of membrane PTS there are. In the examples studied so far, a cluster of positively charged residues in a luminal loop or tail seem to be the key feature [6, 7] .
Approximately 20 PEX genes have been cloned via the complementation of yeast and Chinese hamster ovary cell mutants with defects in peroxisome biogenesis and the encoded proteins (peroxins) have been studied. From this work it is known that PTSl and PTS2 interact with cytosolic receptors encoded by PEXS and PEX7 respectively. These shuttle the cargo to the peroxisome membrane, where they interact with the products of the PEXl3 and PEX14 genes. T h e mechanism by which the protein is translocated across the membrane is unknown. Peroxisomes are able to translocate folded and oligomeric proteins and there is some evidence that the receptors can enter with their cargo before being recycled. A T P is required for protein import; however, it is still unknown how the process is energized and by which protein(s). Even less is known about the insertion of membrane proteins [8] .
Biochemical analysis of protein import
In our laboratory we have used an in vitro import assay for peroxisomal proteins in our study of import mechanisms. Glyoxysomes (a stagespecific peroxisome) are purified from the cotyledons of young sunflower seedlings and mixed with in vitro-translated or recombinant protein transport substrate in the presence of A T P and a regenerating system. After an appropriate incubation duration and temperature, the glyoxysomes are treated with protease, reisolated and analysed by SDS/PAGE and fluorography or immunoblotting. This shows the amount of imported (protease-protected) protein. Because aggregation or folding can also give rise to spurious protease protection, the A T P dependence of the process is a crucial control, as are the omission of glyoxysomes and the inclusion of irrelevant membranes [9, 10] . T h e assay also permits the investigation of membrane protein insertion [ l l ] . In this case, complete protease protection is seen only for proteins completely embedded in the lipid bilayer.
For proteins with a more extended conformation a protease-protected fragment, or fragments, corresponding to luminal domains are seen. We have used this assay to begin to analyse Pexl Op is one of three peroxins that possess a zinc-finger motif of the R I N G type [19, 20] , the others being Pex2p [21] and Pexl2p [22] . pexlO mutants are defective in the import of matrix proteins [19, 20] . AtPEXlO was cloned by PCR amplification of a 2-day seedling library with primer sequences derived from a putative PEXlO genomic sequence located on chromosome 2 [Bacterial artificial chromosomes (BACs) T 9 J22 and T1 D161. T h e longest cDNA clone encoded an open reading frame of 381 residues with a predicted molecular mass of 42.6 kDa. A comparison of the cDNA with the genomic sequence predicts 11 exons.
A schematic representation of AtPexlOp is shown in Figure 2 . A Clustal W alignment with other known PexlOp proteins from mammals and yeasts is shown in Figure 3 . T h e overall sequence similarity between Arabidopsis and human and yeast PexlOp proteins is 50-55%. Highly conserved features are the sequence T L G E E Y and the R I N G finger, indicated with a box in Figure 3 . Various computer programs predict two likely transmembrane domains ; these are shown in bold in Figure 3 . During the course of this work Schumann et al. [23] reported the sequence of a PEXlO cDNA from Arabidopsis. Our sequence differs from their reported sequence and the genomic clone in two positions, M184 + K and P199 + L. Four clones derived from independent reactions, two amplified with Taq polymerase and two with with a TaqlPwo mixture, have the M --* K substitution and three out of four have the P + L substitution (the fourth encodes P), raising the possibility that there could be more than one gene encoding PEXlO in the Arabidopsis genome. However, a Southern blot probed with PEXlO gave single bands for digests with BamHI, EcoRI and EcoRV, all of which do not cut within the gene, and two bands with NcoI, which has a single site within the gene (Figure 4 ). T h e same result was observed when the blot was washed at lower stringency; so far only a single copy of the PEXlO sequence has been found within the genomic sequences determined by the Arabidopsis genome sequencing project. Taken together, these results indicate that there is only a single copy of the PEXlO gene.
PEX6 belongs to the superfamily of AAA proteins, ATPases that have roles in diverse cellular processes such as transcription, proteolysis and membrane fusion [24] . One other PEX gene, PEXI, encodes an AAA protein; these two proteins h e r a c t , although their precise role in peroxisome biogenesis is unclear. There are conmediates or precursors [26] . We have cloned a flicting reports on the subcellular localization partial PEX6 cDNA from sunflower by reverseof Pex6p : whereas one report detects both Pexl p transcriptase-mediated PCR with degenerate and Pex6p associated with peroxisomes [25], other primers based on sequence alignments, followed reports indicate that these two proteins are associby library screening. This clone has an open ated with small vesicles distinct from mature reading frame of 908 residues and shows 55-58 % peroxisomes but which might be biogenetic intersimilarity to Pex6p from yeasts and mammals. . . .
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